Introduction
Idiopathic CD4 ϩ T lymphocytopenia (ICL) was initially described in individuals whose low CD4 ϩ T-cell counts and opportunistic infections suggested human immunodeficiency virus (HIV) disease but in whom no evidence of viral infection could be established. 1,2 ICL remains a disorder of unknown etiology with variable clinical manifestations and heterogeneous immunologic profiles. 3, 4 The working definition of ICL is a reproducible CD4 ϩ T-cell count of less than 300 cells per microliter in the absence of HIV infection or other known causes of immunodeficiency. 5, 6 CD4 ϩ T lymphocytopenia may be accompanied by lymphocytopenia of CD8 ϩ T, B, or natural killer (NK) cells, 2, 7, 8 such that individuals with ICL may have also been diagnosed with other immunodeficiencies. 9 Hallmarks of HIV disease progression include CD4 ϩ T lymphocytopenia, ongoing HIV replication, and perturbations of other immune cell compartments. We recently described the expansion of immature/transitional B cells in the blood of HIV-infected individuals with advancing disease that was associated with increased serum levels of IL-7. 10 Immature/transitional B cells, defined as CD10-expressing recent bone marrow emigrants distinguishable from germinal center founders by the absence of CD27, [11] [12] [13] have recently been characterized in human peripheral blood in association with various B-cell immunodeficiencies. 14, 15 In addition, serum levels of IL-7 have been correlated inversely with CD4 ϩ T-cell counts and directly with HIV plasma viremia. 10, 16, 17 While homeostatic compensation associated with loss of CD4 ϩ T cells has been proposed to explain the high serum levels of IL-7 observed in HIV disease and other deficiencies, 17, 18 the correlations suggest that HIV viremia may also contribute to the high serum levels of IL-7 and increases in immature/transitional B cells. In order to extend previous findings, 10, 16 gain further insight into primary and HIV-induced immunodeficiencies, and help segregate the effects of ongoing HIV replication from those associated with lymphocytopenia, we evaluated the association between B-cell subpopulations, CD4 ϩ T cells, and serum levels of IL-7 in a cohort of patients with ICL.
Patients, materials, and methods
Study subjects included 25 patients who were evaluated for ICL, as previously described, 10, 16 and 19 healthy individuals. Patients with ICL with severe B-cell lymphocytopenia (Ͻ 50 cells/L) were excluded from the current study. All subjects provided informed consent, in accordance with the Declaration of Helsinki and Institutional Review Board of the National Institute of Allergy and Infectious Diseases, National Institutes of Health. Serum and peripheral blood mononuclear cells (PBMCs) were isolated beforehand from blood products and cryopreserved until analysis. The PBMCs were stained with antibodies from BD Biosciences, San Jose, CA (CD10, CD19, CD27) and Beckman Coulter, Fullerton, CA (CD21), and analyzed on a FACSCalibur (BD Biosciences) with FlowJo software (TreeStar, Ashland, OR). Serum levels of IL-7 were measured by enzyme-linked immunosorbent assay (ELISA; R&D Systems, Minneapolis, MN). Spearman rank correlation was used to quantify associations between variables, 2-tailed Mann-Whitney U tests were used to compare independent groups, and all P values were adjusted for multiple testing by the Bonferroni method. Multiple regression was used to determine the independent effects of CD4 and IL-7 on immature/transitional B cells. The publication costs of this article were defrayed in part by page charge payment. Therefore, and solely to indicate this fact, this article is hereby marked ''advertisement'' in accordance with 18 USC section 1734.
Results and discussion
Within the group of 25 patients who were evaluated for ICL, 17 patients met the Centers for Disease Control (CDC) definition of ICL, namely a CD4 ϩ T-cell count below 300 cells/L, 5, 6 for a minimal duration of 1 year. Other lymphocytopenias were noted in several of the patients investigated (Table S1 , available on the Blood website; see the Supplemental Materials link at the top of the online article). The percentage and absolute count of immature/ transitional (CD10 ϩ /CD27 Ϫ ) B cells were significantly higher in patients with ICL compared with healthy donors (Figure 1A-B) , although B-cell lymphopenia was associated with low CD10 ϩ / CD27 Ϫ B-cell counts (Table S1 ). The increased percentage of immature/transitional B cells is consistent with our previous report on HIV-infected individuals, 10 as well as reports on other non-HIV immunodeficiencies and disorders associated with B-cell abnormalities. 14, 15 Furthermore, serum levels of IL-7 were significantly higher in patients with ICL compared with healthy donors ( Figure  1C ), consistent with our previous report on HIV-infected individuals 10 and a recent report on individuals with common variable immunodeficiency disease, 19 a primary immunodeficiency disease affecting B cells also shown to be associated with an expansion of immature/transitional B cells. 15 Longitudinal data collected over several years on patients 3 and 9, whose status remained relatively stable, and on patient 11, who recovered from ICL, suggested a close association between CD4 ϩ T-cell counts, serum levels of IL-7, and percentage of immature/ transitional B cells (data not shown). Further insight into these associations and possible regulation between lymphocyte compartments were sought by considering all patients who were evaluated for ICL (Table S1 ; referred to as the ICL cohort). Homeostasis within the peripheral T-cell compartment has been well documented and illustrated by the cross-regulation between CD8 ϩ and CD4 ϩ T cells in HIV-infected individuals representing a wide spectrum of disease activity. 20 In the ICL cohort, a strong direct correlation was observed between CD4 ϩ T-cell count and CD4/ CD8 ratio (Figure 2A) , consistent with compensatory effects that help maintain homeostasis in the T-cell compartment. 21 Although no correlation existed between total number of B cells and CD4 ϩ T cells (data not shown), a strong inverse correlation was observed between the percentage of immature/transitional B cells and CD4 ϩ T-cell count ( Figure 2B) . Furthermore, and consistent with previous observations in HIV disease, 10, 16, 17 serum levels of IL-7 were inversely correlated to CD4 ϩ T-cell count ( Figure 2C ) and directly correlated to percentage of immature/transitional B cells ( Figure  2D ). Multivariate analyses performed to determine which factors influenced the increase in immature/transitional B cells revealed that the influence of CD4 ϩ T-cell count was statistically significant whereas that of IL-7 was not (data not shown). However, this conclusion was reversed if the elder outlying patient identified in Figure 2C -D was excluded, indicating the limits of performing such analyses on this heterogeneous and relatively small cohort. Nonetheless, these data suggest that either CD4 ϩ T cells or IL-7 or both have an impact on the maturation of B cells, and illustrate the cascade of homeostatic effects that occur in the setting of both primary (shown here) and HIV-induced 10 immunodeficiency.
Finally, we recently reported on the loss of memory B-cell function in a large cohort of HIV-infected individuals representing a wide spectrum of disease activity. 22 However, this loss of memory B-cell function was not accompanied by a loss in the frequency of mature B cells expressing the memory marker CD27 (A.M., S.M., A.S.F., unpublished data, January 2005). We speculated that the HIV-induced immune activation contributed to high levels of CD27 expression 10 and that it was difficult to investigate population dynamics in a disease that induces both immune activation and lymphopenia. In patients with ICL, the percentage and absolute count of memory CD27 ϩ B cells were decreased compared with healthy donors, whereas those of naive B cells were not ( Figure  S1 ). However, these analyses also underscored the heterogeneity of Table S1 , who was 85 years old.
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BLOOD, 1 MARCH 2007 ⅐ VOLUME 109, NUMBER 5 For personal use only. on April 19, 2017 . by guest www.bloodjournal.org From the patients with ICL, as evidenced by distinctly low memory and naive B-cell groups ( Figure S1 ) that were only explained in part by total B-cell lymphopenia (data not shown). Nonetheless, these data indicate that CD27 expression due to immune activation is a distinguishing feature between HIV disease and ICL, whereas increases in immature/transitional B cells and IL-7 due to CD4 ϩ T-cell lymphopenia are common to both diseases. Finally, the possibility of a direct association between IL-7 and the expansion of immature/transitional B cells, although suggested here and indirectly from other studies on B-cell immunodeficiencies, 15, 19 needs further investigation.
